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Abstract. Ketamine has been used to provide a rapid and persistent antidepressant 

effect in patients with treatment-resistant depression. This drug reverses depressive 

symptoms by blocking N-methyl-D-Aspartate receptors, which causes a downstream 

effect on glutamatergic system. The main goal of this work consisted in a systematic 

review of the antidepressant and adverse events of Ketamine in patients with 

treatment-resistant depression. Keywords were defined with PICO´s strategy and 

systematic review was performed by using the PUBMED database. After inclusion 

and exclusion criteria, a total of 21 articles were included. Results showed a rapid 

antidepressant action from the resynchronization of neural circuits upon Ketamine 

use.  However, this drug was also associated with several induced side-effects, 

including changes in blood pressure, dissociative symptoms, headache, nausea and 

vomits. Different routes of administration and ketamine metabolites may be used 

to help to overcome some of the induced side-effects.   
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1 Introduction 

1.1 Depressive disorders  

Depressive disorders, such as major depressive disorder (MDD), are among the most disabling 

illnesses in the world, with a considerable significant burden and morbidity, including the 

Disability-Adjusted Life Years (DALY) [1]. According to the Diagnostic and Statistical 

Manual of Mental Disorders, Fifth Edition (DSM-5), the diagnosis of a Major Depression 

Episode (MDE) requires five or more symptoms to be present within a 2-week period [2].  One 

of should include either depressed mood or anhedonia. The secondary symptoms of MDE are 

appetite or weight changes, sleep disturbances, psychomotor retardation or agitation, fatigue 

or loss of energy, reduced ability to think or concentrate, feelings of worthlessness or guilt, 

and thought or attempt to suicide [2]. Depressive disorders' prevalence and incidence have 

risen in recent years, with a lifetime prevalence of MDD estimated to be around 10% [3].  

1.2 Molecular mechanisms of depression   

The precise etiology of depression continues to be fully understood, despite the plethora of 

research describing the neuroanatomical, neuroendocrinological, and neurophysiological 

changes in depression [2], [4]. Multiple theories have been proposed to explain the molecular 

mechanisms behind depression, which is recognized to be a complex disease and most likely 

to develop as a result of hereditary and environmental variables [5]. The main mechanisms 

include the monoamine hypothesis, the HPA axis hyperactivity hypothesis, the neurotrophic 

hypothesis, the inflammatory hypothesis, and the glutamatergic hypothesis of depression [6].  

The classic theory is the monoamine hypothesis of depression [7], and according, 

depression is the result of monoamine neurotransmitters (e.g. serotonin and/or norepinephrine 

and/or dopamine) depletion [7], [8]. Other theory is the hyperactivity of the HPA axis, in 

which depression is an endocrinological and stress illness, and is linked to the dysregulated 

levels of free T4, TSH, CRH, arginine vasopressin, corticotropin, corticosteroid release, and 

ACTH [9]. Regarding the neurotrophic hypothesis depression is associated with the loss of 

neurotrophic support and that effective antidepressant therapies increase neurogenesis and 

synaptic connectivity in cortical areas such as the hippocampus [10]. Brain-derived 

neurotrophic factor (BDNF) is thought to exert its influence on neuronal survival and growth 

effects by activating the tyrosine kinase receptor B (TrkB) in both neurons and glia [11]. On 

the inflammatory hypothesis, chronic exposure to elevated levels of inflammatory cytokines 

can lead to neuropsychiatric disorders, including depression [12].  Mechanisms of cytokine 

behavioral effects involve activation of inflammatory signaling pathways in the brain, as well 

as dysregulated inflammatory markers, that results in changes in monoamine, glutamate, and 

neuropeptide systems, and decreases in growth factors [13]. One of the most recent hypotheses 

of the depression relays on the glutamatergic system. The glutamatergic system is one of the 

more recent theories for depression [14]. Accordingly, changes in GABA, AMPA, EAAT, 

NMDA, and metabotropic glutamate receptors (mGluR1 through mGluR8) are associated 
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with depression, and fast-acting antidepressants like ketamine and esketamine have been 

shown to have an immediate neuroprotective and antidepressant effect [4],[15].   

1.3 Treatment-resistant depression and ketamine 

Despite the number of antidepressants available, only approximately two thirds of patients 

benefit from the currently prescribed antidepressant drugs. Patients who have already failed 

to improve following two or more trials of antidepressant treatments at sufficient doses and 

duration have significantly lower response rates, and display what is known as Treatment-

resistant depression (TRD) [16]. As a result, patients undergo useless treatments for long 

periods of time, without displaying any favorable outcome. Furthermore, antidepressants that 

target the monoaminergic system usually take 6–12 weeks to act and reverse depressive 

symptoms. More effective and fast-acting antidepressants are clearly needed [3].   

New therapeutic approaches have been targeting these concerns. Glutamatergic pathways 

have been associated with a robust novel antidepressant target, particularly for those with 

TRD,  who are less probable to benefit from other monoaminergic treatments [17]. 

Several clinical trials had demonstrated that ketamine would be a suitable strategy to 

suppress the acute symptoms of depression due to its quick and long-lasting effect. Authors 

approved the clinical benefit of this drug when given an off-label use (subanesthetic dosage) 

[18]. Ketamine has shown antidepressant effects in patients with major depressive disorder 

(MDD) resistant to first-line treatments and approved for use in this patient population. 

1.4 Ketamine mechanism of action 

Ketamine induces several forms of synaptic plasticity, which are proposed to underlie its 

antidepressant effects [16]. The putative mechanism of action of ketamine consists in 

inhibiting, in a competitive way, the glutamate receptors, however the molecular mechanism 

of action directly responsible for ketamine's antidepressant effects remains under active 

investigation [19]. It may include pre-synaptic excitation/inhibition of glutamatergic neurons, 

reduction of the glutamate release, activation of AMPA (α-amino-3-hydroxy-5-methyl-4-

isoxazole propionic acid), NMDA receptor antagonism, post-synaptic activation of Brain-

Derived Neurotrophic Factor (BDNF), targeting mTOR pathway,  and  the recovery of 

synaptic connectivity in PFC (Pre-Frontal Cortex) [18]–[20]. It was recently demonstrated 

that the effectors of the mammalian target of rapamycin complex 1 (mTORC1) signaling 

pathway, namely, eukaryotic initiation factor 4E (eIF4E) binding proteins 1 and 2 (4E-BP1 

and 4E-BP2), are central in mediating ketamine-induced synaptic plasticity and behavioral 

antidepressant-like effect [21], [22].  

1.5 Ketamine use and adverse reactions 

Ketamine is known to have several therapeutic applications such as anesthesia, neuropathic 

pain, or associated with other drugs in various conditions [16]. Ketamine adverse reactions 

include changes in blood pressure, dissociative symptoms, headache, nausea and vomits. 
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However, drug-drug interactions are possible [23]. Opioid, benzodiazepines or even alcohol are 

some of the examples in which the association of ketamine was reported to have an impact 

on patients’ health, namely changes in intraocular pressure, convulsions, and renal or hepatic 

problems [23].  Simultaneously, in individuals with an high risk of stroke or with previous 

allergy to ketamine, its use should be carefully evaluated [23].   

The aim of this paper is to provide a systematic analysis about the antidepressant and 

adverse reactions of Ketamine in TRD patients.  

2 Methodology 

2.1 Data sources and search strategy 

PICO strategy was defined to structure the algorithm: defining the Population (adult people 

with treatment-resistant depression), Intervention (use of Ketamine to eliminate Depression), 

Comparison with the intervention (Electroconvulsive therapy) and Outcome (rapid and 

robust antidepressant effects). 

The PUBMED database was selected to obtain the articles for this review. Once inserted 

the keywords, synonyms (Mesh platform) and Boolean operators the search algorithm result 

was ((“ketamine” OR "cetamine") AND ("adverse events" OR "side-effects" OR "pain" OR 

"chronic pain" OR "symptoms" OR "symptomatology" OR "adverse drug reactions" OR 

"medication adverse reactions") AND ("effects" OR "efficacy" OR "response" OR "success 

therapy" OR "success treatment" OR "treatment" OR "therapy" OR "medical" OR "clinical" 

OR "clinical practice") AND ("apathy" OR "depression" OR “major depressive disorder” OR 

"refractory depression" OR "resistant depressant" OR "major disorder"))).  

2.2 Study eligibility criteria and selection 

Articles were included if they were clinical study or trial, including clinical trial phase I, II, 

III or IV, controlled clinical trial, comparative study, observational study, were published up 

to five years of the mentioned period of searching (from 2013 to 2018), approached patients 

with treatment-resistant depression, and described the therapeutic outcome and side-effects 

of Ketamine. Articles were excluded if they discussed other depressive disturbances besides 

treatment-resistance depression, used animal models or were review papers. 

For eligibility assessment, one author (D.F.) reviewed titles and abstracts of database 

records and retrieved full texts. The full-text records were reviewed for eligibility by two 

authors independently (D.F. and M.S.). Disagreements were settled using a consensus process. 

The manuscripts that were found to be eligible were then independently reviewed and 

information was retrieved by two authors (D.F. and M.F.). A standard electronic form was 

used to extract data.  
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3 Results 

3.1 Study selection 

The search query on Pubmed revealed a total of 580 articles, which were screened for inclusion 

in the study, and a final number of 21 articles were included (Fig.1). Of the 580 references 

screened, 56 were selected for full-text reading based on the inclusion and exclusion criteria. 

For various reasons, 35 of them were excluded. As a result, the systematic review comprised 

21 studies. In Figure 1, a PRISMA Flowchart presents the procedures adopted in study 

selection. 

 

 
Figure 1. PRISMA diagram of study selection 
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3.2 Rating scores for Depression 

The studies included in this systematic review presented different scores to evaluate the 

Depression severity. Beck Depression Inventory, Brief Psychiatric Rating Scale, Montgomery-

Asberg Depression Rating Scale, Clinician Administered Dissociative States Scale, Hamilton 

Depression Rating Scale and Inventory of Depressive Symptomatology, and Bond-Laden 

Visual Analogue instruments were among the most used ones [24]–[27][28]. Furthermore, the 

Systematic Assessment of Treatment Emergent Events (SAFTEE) was reported in the studies 

to determine the influence of using different administration routes of Ketamine on the 

incidence of adverse reactions [29].  

3.3 Primary outcomes: antidepressant properties of ketamine 

Modulation of the neuro-circuits may suppress symptomatology caused by depression and 

provide an improvement in health. Table 1 represents the overall overview characteristics of 

the antidepressant properties of ketamine. Many of the studies examined the effect of 

ketamine, observed a decrease of anhedonia, suicidal thoughts, anxiety, and other symptoms 

with an infusion  dose of 0,5 mg/kg in 40 minutes [30], [31]. In addition, the efficacy of 

ketamine is long-lasting, and some clinical trials have demonstrated a consistent action of 

ketamine, regardless of whether there has been previous treatments with other psychiatric 

drugs [32], [33].  

Three studies, two of them randomized controlled trials, showed changes in different brain 

areas, such as in the pregenual anterior dorsal cortex, orbitofrontal cortex, superior temporalis 

gyrus, prefrontal cortex and habenula with the administration of ketamine [25], [34], [35]. 

Within these previously mentioned aspects, some remarkable studies reported that ketamine 

has the ability to increase BDNF levels, causing modulation of neuroplasticity, and conversely 

a reduction of depression symptoms [36], [37]. 

To assess the precise beneficial effect of ketamine use, the route of administration was 

investigated. And it has been found in several studies that the intravenous route promotes, 

within a few minutes, the attenuation of depressive symptoms, although side effects are more 

common [29]. 

In one study, in which the intranasal route was tested, five inhalations of 10 mg ketamine 

were performed within 20 minutes and the results showed an improvement in depressive 

symptoms. Thus, the intranasal route is being considered as a possible alternative to the 

intravenous route, in order to avoid the most likely adverse side effects and with the same 

therapeutic properties [26]. 

In order to understand the outcome in the association of ketamine with other drugs, a 

study used Lanicemine in a double-blind, placebo-controlled, randomized trial and the 

outcome was an effective antidepressant response [28]. In another study, the administration 

of ketamine to electroconvulsive therapy and to other drugs such as Clonazepam, 

Aripripazole, Diazepam, among others, was considered [26]. Some studies have tested the use 

of electroconvulsive therapy to enhance ketamine activity in patients with treatment-resistant 
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Depression, and one open-label study reported that one-third of patients gained significant, 

positive benefit from this procedure [38].  

3.4 Secondary outcomes: ketamine adverse reactions 

In the set of articles included in this systematic review, it was observed that 

dissociative/psychomimetic symptomatology (13 articles), changes in blood pressure values 

(10 articles) and headache, nausea, and vomiting (10 articles) were the most frequent adverse 

reactions. Others may include xerostomia (4 articles), among other less frequent adverse 

reactions (Table 2). 

4 Discussion 

4.1 Antidepressant properties of Ketamine  

This paper reviewed the scientific evidence for the use of ketamine in treatment-resistant 

depression patients.  

Ketamine proved to decrease depressive symptoms more efficiently and more rapidly than 

traditional antidepressants. All studies have really demonstrated the fast and powerful 

function of intravenous ketamine, which provides an opportunity to use this drug in cases of 

emergency in clinical practice, for example, suicidal thoughts [39]. Second, several of the 

studies were randomized controlled trials, which represents an advantage to reduce possible 

bias [40]. Thirdly, the observed literature applied different measurement scales to assess 

different parameters of the patient's Depression, which brings more precision to the evaluation 

and final diagnosis and, consequently, to put into practice the best possible treatment. Finally, 

while these studies began to offer a new chance to treat severe cases of depression, they also 

highlighted the fact that more research is needed to assess the effectiveness of ketamine in 

individuals with treatment-resistant depression. The majority (n=13) of the studies 

mentioned the fast-acting and long-lasting anti-depressant properties of ketamine to minimize 

symptoms of Depression. Ballard et al., 2017 observed that Ketamine decreased the 

probability of suicidal ideation in approximately 41% after 230 minutes, due to its anti-

anhedonia effect, regardless of whether other symptoms were associated [30]. In another study 

(Ballard et al., 2014), ketamine minimized the suicide risk however whether depressive and 

anxiety symptoms were present [8]. Still focusing on the powerful effect of Ketamine, Price, 

et al., 2014 report that individuals who have an increased baseline risk of suicide and 

diagnosed treatment-resistant depression are more likely to benefit from ketamine.  

The modulation of the glutamatergic system has been taken as an essential target in the 

treatment of depressive symptoms. To reinforce this, Haile et al., 2014 also found that BDNF 

levels reached peak plasma levels four hours after intravenous (IV) administration of ketamine 

at 0.5 mg/kg for 40 minutes, and subsequently Price et al., 2014 made a connection between 

quinolinic acid receptor inflammation and suicidal thoughts in depression [21].   
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d
ep

re
ss

a
n
t 

re
si

st
a
n
t 

d
ep

re
ss

io
n
 a

n
d
 w

it
h
 U

n
ip

ol
a
r 

o
r 

B
ip

ol
a
r 

D
ep

re
ss

io
n
 

E
th

n
ic

it
y
: 
n
o
t 

sh
o
w

n
 

S
tu

d
y
 t

im
e:

 2
6
 w

ee
k
s 

K
et

am
in

e 
(I

V
) 

3
 o

r 
6
 

a
d
m

in
is

tr
a
ti
o
n
s 

0
.5

 m
g
/
k
g
 i
n
 4

0
 

m
in

.,
 i
n
si

d
e 

of
 

re
co

v
er

-t
im

e 
af

te
r 

sh
o
ck

 t
h
er

a
p
y
 

 

A
ri

p
ri

p
az

ol
e 

C
lo

n
a
ze

p
a
m

 

D
ia

ze
p
a
m

 

D
u
lo

x
et

in
e 

F
lu

o
x
et

in
e 

G
a
b
a
p
en

ti
n
 

O
la

n
za

p
in

e 

(…
) 

S
h
o
ck

 t
h
er

a
p
y
 

O
n
ly

 1
/3

 o
f 
p
a
ti
en

ts
 h

a
d
 

ef
fe

ct
iv

e 
re

su
lt

s 
w

it
h
 

th
is

 t
h
er

a
p
y
. 

T
h
e 

sh
o
ck

 t
h
er

a
p
y
 

a
ll
o
w

ed
 t

h
e 

m
o
n
it
o
ri

n
g
 

o
f 
K

et
am

in
e´

s 

th
er

a
p
eu

ti
c 



F
er

re
ir
a
 D

.,
 C

ru
z 

A
.,
 S

a
n
to

s 
M

. 
1
87

  
 

 A
u
th

o
r,

  

Y
e
a
r 

S
c
a
le

s 
T

ri
a
l 
ty

p
e
 

S
a
m

p
le

 

C
h
a
ra

c
te

ri
st

ic
s 

D
ru

g
 (

s)
 

D
o
sa

g
e
 

P
re

v
ie

w
 

th
e
ra

p
e
u
ti
c 

O
u
to

c
o
m

e
s 

P
ri

c
e
 e

t 
a
l.
 

(2
0
1
4
) 

  

B
H

S
 

C
A

D
S
S
 

IA
T

 

M
A

D
R

S
 

S
T

A
I-

S
 

V
A

S
 

P
la

ce
b
o
-

co
n
tr

o
ll
ed

, 

ra
n
d
om

iz
ed

 

     

N
=

 5
7;

 A
ge

: 
n
ot

 s
h
o
w

n
 

S
ta

te
 o

f 
h
ea

lt
h
: 
p
a
ti
en

ts
 w

it
h
 

a
n
ti

d
ep

re
ss

a
n
t 

re
si

st
a
n
t 

d
ep

re
ss

io
n
  

E
th

n
ic

it
y
: 
C

a
u
ca

si
a
n
 n

o
t 

H
is

p
a
n
ic

s 
 

S
tu

d
y
 t

im
e:

 2
 d

a
y
s 

a
t 

h
o
sp

it
al

 

K
et

am
in

e 
 

 (
IV

) 

 M
id

a
zo

la
m

 

(I
V

) 

K
et

am
in

e 

h
y
d
ro

ch
lo

ri
d
e 

0
.5

 

m
g/

k
g 

O
R

 

 M
id

a
zo

la
m

  

0
.0

45
 m

g/
k
g 

in
 4

0
 m

in
. 

_
_

_
_

_
_

_
_

 
Im

p
ro

v
em

en
t 

of
 

sy
m

p
to

m
s 

a
n
d
 K

et
am

in
e 

w
a
s 

m
o
re

 e
ff
ec

ti
v
e 

in
 

th
o
se

 w
h
o
 h

a
v
e 

h
ig

h
 

le
v
el

 o
f 
su

ic
id

a
l 
th

o
u
g
h
ts

 

S
a
n
a
c
o
ra

 e
t 

a
l.
 (

2
0
1
3
) 

B
L
-V

A
S
 

B
P

R
S
 

C
A

D
S
S
 

C
G

I-
I 

C
G

I-
S
 

H
A

M
-A

 

H
A

M
-D

 

M
A

D
R

S
 

D
o
u
b
le

-b
li
n
d
, 

p
la

ce
b
o
-

co
n
tr

o
ll
ed

, 

ra
n
d
om

iz
ed

 

N
=

 n
o
t 

sh
o
w

n
; 
A

ge
: 
3
0
-4

5
 

y
ea

rs
  

S
ta

te
 o

f 
h
ea

lt
h
: 
p
a
ti
en

ts
 w

it
h
 

n
o
rm

a
l 
st

a
te

 o
f 

a
n
ti

d
ep

re
ss

a
n
t 

re
si

st
a
n
t 

d
ep

re
ss

io
n
 a

n
d
 M

a
jo

r 

D
ep

re
ss

io
n
 o

r 
m

o
d
er

a
te

/
h
ig

h
 

le
v
el

 o
f 
a
n
ti
d
ep

re
ss

a
n
t 

re
si

st
a
n
t 

d
ep

re
ss

io
n
 a

n
d
 

M
a
jo

r 
D

ep
re

ss
io

n
 (

1st
 p

h
a
se

) 

E
th

n
ic

it
y
: 
n
o
t 

sh
o
w

n
 

S
tu

d
y
 t

im
e:

 8
 w

ee
k
s 

L
a
n
ic

em
in

e 

(I
V

) 

 K
et

am
in

e 
(I

V
)  

1
st
 p

h
a
se

: 

7
5
 a

n
d
 1

5
0
 m

g
 

L
a
n
ic

em
in

e 
a
n
d
  

0
.5

 m
g
/
k
g
 

K
et

am
in

e 

2
n
d
 p

h
a
se

 t
y
p
e 

A
: 

1
00

 m
g
 

L
a
n
ic

em
in

e 
in

 3
0
 

m
in

. 

2
n
d
 p

h
a
se

 t
y
p
e 

B
: 

tr
ea

tm
en

t 
in

 3
 

w
ee

k
s 

_
_

_
_

_
_

_
_

 
B

o
th

 d
o
sa

g
es

 o
f 

L
a
n
ic

em
in

e 
h
a
d
 

d
em

o
n
st

ra
te

d
 a

n
 

ef
fe

ct
iv

e 
a
n
ti

d
ep

re
ss

a
n
t 

re
sp

o
n
se

. 

A
d
v
er

se
 e

v
en

ts
 h

a
d
 

re
p
o
rt

ed
 w

it
h
 t

h
e 

u
se

 o
f 

b
o
th

 d
ru

g
s 

b
u
t 

in
 l
es

s 

sc
a
le

 w
it

h
 K

et
a
m

in
e 

H
a
il
e
 e

t 
a
l.
 

(2
0
1
3
) 

M
A

D
R

S
 

D
o
u
b
le

-b
li
n
d
 

ra
n
d
om

iz
ed

 

cl
in

ic
a
l 
tr

ia
l 

N
=

 2
2;

 A
ge

: 
2
1
-8

0
 y

ea
rs

 

S
ta

te
 o

f 
h
ea

lt
h
: 
p
a
ti
en

ts
 w

it
h
 

a
n
ti

d
ep

re
ss

a
n
t 

re
si

st
a
n
t 

d
ep

re
ss

io
n
 E

th
n
ic

it
y
: 
n
o
t 

sh
o
w

n
 

S
tu

d
y
 t

im
e 

: 
7
 d

a
y
s 

K
et

am
in

e 
 

(I
V

) 

 M
id

a
zo

la
m

 

(I
V

) 

 

0
.5

 m
g
/
k
g 

K
et

am
in

e 

O
R

 

 0
.0

45
 m

g/
k
g 

 M
id

a
zo

la
m

 i
n
 4

0
 

m
in

. 

_
_

_
_

_
_

_
_

 
K

et
am

in
e 

h
a
d
 i
n
cr

ea
se

d
 

th
e 

p
la

sm
a
 l
ev

el
s 

o
f 

N
F
D

B
 a

n
d
 t

h
e 

co
rt

ic
al

 

so
m

a
to

se
n
so

ry
 r

es
p
o
n
se
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K

et
am

in
e 

a
n
ti

d
ep

re
ss

a
n
t 

p
ro

p
er

ti
es

: 
a
 s

y
st

em
a
ti
c 

re
v
ie

w
 o

f 
cl

in
ic

al
 t

ri
al

s 
 A

u
th

o
r,

  

Y
e
a
r 

S
c
a
le

s 
T

ri
a
l 
ty

p
e
 

S
a
m

p
le

 

C
h
a
ra

c
te

ri
st

ic
s 

D
ru

g
 (

s)
 

D
o
sa

g
e
 

P
re

v
ie

w
 

th
e
ra

p
e
u
ti
c 

O
u
to

c
o
m

e
s 

C
a
rl

so
n
 e

t 
a
l.
 

(2
0
1
3
) 

M
A

D
R

S
 

O
p
en

-l
a
b
el

 
N

=
 2

0;
 A

ge
: 
1
8
-6

5
 y

ea
rs

 

S
ta

te
 o

f 
h
ea

lt
h
: 
p
a
ti
en

ts
 w

it
h
 

n
o
 t

h
er

a
p
y
 f
o
r 

a
n
ti
d
ep

re
ss

a
n
t 

re
si

st
a
n
t 

d
ep

re
ss

io
n
 a

n
d
 

M
a
jo

r 
D

ep
re

ss
io

n
  

E
th

n
ic

it
y
: 
n
o
t 

sh
o
w

n
 

S
tu

d
y
 t

im
e:

 u
n
ti
l 
3
 d

a
y
s 

K
et

am
in

e 

 (
IV

) 

 

R
a
ce

m
ic

 

K
et

am
in

e 

H
y
d
ro

ch
lo

ri
d
e 

0
.5

 m
g
/
k
g
 i
n
 4

0
 

m
in

. 

S
h
o
ck

 t
h
er

a
p
y
 

M
et

a
b
o
li
c 

ch
a
n
ge

s 
in

 

sp
ec

if
ic

 r
eg

io
n
s 

o
n
 t

h
e 

b
ra

in
 s

u
ch

 a
s 

h
a
b
en

u
ll
a
 

a
n
d
 g

y
ru

s 
te

m
p
o
ra

li
s 

su
p
er

io
r 

w
er

e 
re

p
o
rt

ed
 

J
r 

e
t 

a
l.
 

(2
0
1
2
) 

M
A

D
R

S
 

Y
M

R
S
 

D
o
u
b
le

-b
li
n
d
 

ra
n
d
om

iz
ed

 

cl
in

ic
a
l 
tr

ia
l 

 

N
=

 3
0;

 A
ge

: 
1
8
-6

5 

S
ta

te
 o

f 
h
ea

lt
h
: 
p
a
ti
en

ts
 w

it
h
 

a
n
ti

d
ep

re
ss

a
n
t 

re
si

st
a
n
t 

d
ep

re
ss

io
n
 a

n
d
 M

a
jo

r 

D
ep

re
ss

io
n
 

E
th

n
ic

it
y
: 
n
o
t 

sh
o
w

n
  

S
tu

d
y
 t

im
e:

 2
 d

a
y
s 

K
et

am
in

e 
 

  (
IV

) 

K
et

am
in

e 

h
y
d
ro

ch
lo

ri
d
e 

0
.5

 m
g
/
k
g 

in
 4

0
 m

in
. 

 

_
_

_
_

_
_

_
_

 
L
ev

el
s 

o
f 
N

F
D

B
 a

n
d
 

L
A

W
 h

a
d
 i
n
cr

ea
se

d
 

a
lt

h
o
u
g
h
 t

h
is

 f
in

a
l 

o
cc

u
rr

ed
 o

v
er

 t
h
e 

fi
rs

t 

n
o
n
-R

E
M

 e
p
is
o
d
e 

A
D

C
C

 –
 A

n
te

ri
o
r 

D
o
rs

al
 C

in
g
u
la

te
 C

o
rt

ex
 ;
 A

M
S
 –

 M
o
to

r 
S
u
p
p
le

m
en

ta
l 
A

re
a
 ;
 A

R
D

- 
A

n
ti

d
ep

re
ss

a
n
t 

R
es

is
ta

n
t 

D
ep

re
ss

io
n
 ;
 B

D
 –

 B
ip

o
la

r 
D

ep
re

ss
io

n
 ;
 B

D
I 

- 

B
ec

k
 D

ep
re

ss
io

n
 I

n
v
en

to
ry

 ;
 B

H
S
- 
B

a
ck

 H
o
p
el

es
sn

es
s 

S
u
ic

id
a
li
ty

 ;
 B

L
-V

A
S
- 
B

o
n
d
-L

a
d
er

 V
is

u
a
l 
A

n
al

og
u
e 

S
ca

le
 ;
 B

P
R

S
 -
 B

ri
ef

 P
sy

ch
ia

tr
ic

 R
a
ti
n
g
 S

ca
le

 ;
 B

S
S
 -
 

B
a
ck

 S
u
ic

id
al

it
y
 S

ca
le

 ;
 C

A
D

S
S
 -
 C

li
n
ic

ia
n
 -
A

d
m

in
is

te
re

d
 D

is
so

ci
a
ti
v
e 

S
ta

te
s 

S
ca

le
 ;
 C

G
I-

 C
li
n
ic

a
l 
G

lo
b
a
l 
Im

p
re

ss
io

n
s 

; 
C

G
I-

I-
 C

li
n
ic

a
l 
G

lo
b
al

 I
m

p
re

ss
io

n
s 

of
 

Im
p
ro

v
em

en
t 

; 
C

G
I-

S
- 
C

li
n
ic

a
l 
G

lo
b
al

 I
m

p
re

ss
io

n
s 

o
f 
S
ev

er
it

y
 ;
 C

-S
S
R

S
 -
 C

o
lo

m
b
ia

- 
S
u
ic

id
e 

S
ev

er
it

y
 R

a
ti

n
g
 S

ca
le

; 
h
 –

 h
o
u
rs

 ;
 H

A
M

-A
 -
 H

a
m

il
to

n
 A

n
x
ie

ty
 

R
a
ti

n
g
 S

ca
le

 ;
 H

A
M

-D
- 
H

a
m

il
to

n
 D

ep
re

ss
io

n
 R

a
ti

n
g
 S

ca
le

 ;
 H

D
R

S
-1

7
- 
H

a
m

il
to

n
 D

ep
re

ss
io

n
 R

a
ti
n
g
 S

ca
le

 (
17

 i
te

m
s)

 ;
 I

A
T

- 
Im

p
li
ci

t 
A

ss
oc

ia
ti
o
n
 T

es
t;

 I
D

S
-C

30
 –

 

In
v
en

to
ry

 o
f 
D

ep
re

ss
iv

e 
S
y
m

p
to

m
a
to

lo
g
y
- 
C

li
n
ic

ia
n
 R

a
te

d
 ;
 I

M
 -
 r

ou
te

 o
f 
a
d
m

in
is

tr
a
ti
o
n
 I

n
tr

a
m

u
sc

u
la

r 
; 
IN

- 
ro

u
te

 o
f 
a
d
m

in
is

tr
a
ti
o
n
 I

n
tr

a
n
a
sa

l 
; 
IV

 -
 r

o
u
te

 o
f 

a
d
m

in
is

tr
a
ti
o
n
 I

n
tr

a
v
en

o
u
s 

; 
L
A

W
 –

 L
o
w

 A
m

p
li
tu

d
e 

W
a
v
e 

; 
M

A
D

R
S
 -
 M

o
n
tg

om
er

y
-A

sb
er

g
 D

ep
re

ss
io

n
 R

a
ti

n
g
 S

ca
le

 ;
 M

D
 -
 M

aj
o
r 

D
ep

re
ss

io
n
 ;
 m

in
. 
–
 m

in
u
te

s 
; 

O
F
C

- 
O

rb
if
ro

n
ta

l 
C

o
rt

ex
 ;
 P

A
C

C
 -
 P

re
ge

n
u
al

 A
n
te

ri
o
r 

D
o
rs

al
 C

o
rt

ex
 ;
 p

er
 o

s 
–
 r

o
u
te

 o
f 
a
d
m

in
is

tr
a
ti
on

 O
ra

l 
; 
P

C
T

- 
P

o
st

-C
en

tr
al

 T
u
rn

 ;
 P

F
C

- 
P

re
-f
ro

n
ta

l 

C
o
rt

ex
 ;
 R

E
M

 -
 R

a
p
id

 E
y
e 

M
o
v
em

en
t 

; 
S
A

F
T

E
E

 -
 S

y
st

em
a
ti
c 

A
ss

es
sm

en
t 

fo
r 

T
re

a
tm

en
t 

E
m

er
g
en

t 
E

v
en

ts
 ;
 S

C
 –

 r
o
u
te

 o
f 
a
d
m

in
is

tr
a
ti
on

 S
u
b
cu

ta
n
eo

u
s 

; 

S
H

A
P

S
 -
 S

n
a
it

h
-H

am
il
to

n
 P

le
a
su

re
 S

ca
le

 ;
 S

S
I 

- 
S
ca

le
 f
o
r 

S
u
ic

id
e 

Id
ea

ti
o
n
 ;
 S

S
N

R
I-

  
S
el

ec
ti

v
e 

S
er

o
to

n
in

 a
n
d
 N

o
ra

d
re

n
a
li
n
e 

R
eu

p
ta

k
e 

In
h
ib

it
o
r;

 S
S
R

I-
 S

el
ec

ti
v
e 

S
er

o
to

n
in

 R
eu

p
ta

k
e 

In
h
ib

it
o
r 

; 
S
T

A
I-

S
 -
 S

ta
te

-T
ra

it
 A

n
x
ie

ty
 I

n
v
en

to
ry

 S
ca

le
 ;
 V

C
P

 -
 V

a
lo

re
s 

d
e 

C
a
p
ta

çã
o
 P

a
d
ro

n
iz

a
d
o
s 

Y
M

R
S
 -
Y

o
u
n
g
 M

a
n
ia

 R
a
ti
n
g
 S

ca
le
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 T
a
b
le

 2
. 
P

a
p
er

s 
o
n
 a

d
v
er

se
 r

ea
ct

io
n
s 

o
f 
K

et
am

in
e 

Author,  

Year 

Dissociative 

Symptoms 

(psicomimmetic 

disturbances) 

Anxiety 

Changes in 

Blood Pressure 

or Heartbeats 

Tiredness 

 

Changes  

in Vision 

Changes 

in Sleep 

Suicidal thoughts

 or Suicide 

Confusion 

Dizziness 

Headache, 

Nausea or/and 

Vomiting 

 

Specific 

symptoms 

B
a
ll
a
rd

 e
t 

a
l.
  

(2
01

7
) 

(–
)  

 
(–

) 
(–

) 
(–

) 
(–

) 
(–

) 
(–

) 
(–

) 
(–

) 
(–

) 
(–

) 

L
i 
et

 a
l.
 

(2
01

6
) 

(–
) 

(–
) 

(–
) 

(–
) 

(–
) 

(–
) 

(–
) 

(–
) 

(–
) 

(–
) 

(–
) 

B
u
rg

er
 e

t 
al

. 

(2
01

6
) 

(–
) 

(–
) 

(–
) 

(–
) 

(–
) 

(–
) 

(–
) 

(–
) 

(–
) 

(–
) 

(–
) 

S
in

g
h
 e

t 
a
l.
 

(2
01

6
) 

(+
)  

 
(+

) 
(–

) 
(–

) 
(–

) 
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The deregulated sleep activity has been related to the resistance of conventional 

treatments of Depression in detriment of the cerebral metabolism changes observed. For 

example, Duncan et al., 2013 discovered a correlation expressed between the values obtained 

from low amplitude waves in non-REM episode and BDNF through electroencephalogram 

analysis which, in turn, promoted an improvement in the depressive mood [20]. Even 

according to this and as considered upon, Ketamine (an inhibitor of N-methyl-D-aspartate 

receptor) is more effective with higher severity symptomatology. Gorgulu & Caliyurt, 2009 

indicates that sleep deprivation contributes to the production of a great amount of 

neurotrophic factors and recruitment of AMPA receptors which doesn´t happen with the 

most of antidepressants due to the fact that adjustment of synaptic neuroplasticity occurs 

only a few weeks later. Metabolic activity is increased in individuals with this type of 

Depression, for example, in the right habenula region, middle temporal gyrus and, 

controversially, reduced at the right cerebellar amygdala. However, the habenular stimulation 

area is a particular region of interest to understand the rapid and vigorous ketamine effect 

on the neuronal metabolism cells [9]. 

Many of the studies included in this review used a 0.5 mg/kg dosage. However, some of 

them demonstrated that dosages below 0.5 mg/kg may be enough to reach the similar 

effectiveness of the usual dosage.  Katalinic et al., 2013 referred to a subanesthetic dosage of 

0.2 mg/kg might be sufficient to revert quickly and efficiently all depressive symptoms [25]. 

In a double-blind, randomized and placebo-controlled study, Singh et al., 2016 found that 

Ketamine when administered 0.5 mg/kg twice a week the response rate was around 69% [17].  

The administration route is one of the most important features must be checked to ensure 

the efficacy and safety of the treatment. Furthermore, some alternatives such as Oral (per 

os), Sublingual, Intramuscular (IM), Intravenous (with more evidence in literature), 

Subcutaneous (SC) and Intranasal (IN) have been reported in the literature. Recently, IN 

route may be appointed as an option to treat resistant-depression because of the prominent 

reduction of adverse-effects. The only disadvantage is related to the fact of IN route has a 

lower half-time than the IV route [26]. Currently, Esketamine (an isomer obtained from 

Ketamine) nasal spray - Spravato® - displayed impressive improvements in depressive 

symptomatology when compared to a common oral administration [42]. In addition, Loo et 

al., 2016 showed some comparisons between administration routes: IM has similar efficacy 

when compared with the SC and IV route [13]. However, both IM and IV routes are more 

rapid to generate a physiological response. SC route also brings several advantages due to its 

efficacy/side-effects racio.  

Combining other medications with ketamine can aid recovery. Lenze et al., 2016 found 

that clonidine, when co-administered with Ketamine, decreases the severity of symptoms 

without minimizing the antidepressant effect. In another study. Hu et al., 2015 verified that 

when Escitalopram and Ketamine were both administered, an increased ketamine plasma 

concentration was observed. Accordingly, they considered that Escitalopram acts as a 

catalyst/enhancer of ketamine activity. 

Electroconvulsive therapy is recognized as a complementary treatment for resistant-

treatment depression. In the study of Salehi, et al, 2015 they concluded that Ketamine, when 
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given before Electroconvulsive procedures, was beneficial [16]. Although seizures and blood 

pressure changes are present, the proven benefits outweigh its risks, and this drug may 

complement the treatment with electroconvulsive therapy. Similarly, D-cycloserine - a partial 

agonist of the Glycine with the binding site in the NR2B receptors of NMDA - is mentioned 

because of their antidepressant properties and practically no psychomimetic/dissociative 

adverse effects [11]. Other drugs have been described, such as Memantine and Lanicemine 

(weak NMDA receptor blockers) [27]. 

4.2 Adverse reactions induced by Ketamine 

Preskorn et al., 2015 mentioned the challenge in depression is to find new effective therapies 

with a low risk of adverse reactions [11]. For example, GLYX-13 (a partial NMDA receptor 

antagonist) may be equally effective with a much lower quantity of side-effects than 

Ketamine. Between the more frequent side-effects found in Table 2 (dissociative symptoms 

and hearth parameters changes), most of them are attenuated with successive administrations 

over 2 hours and after Ketamine administration [17]. So, Loo et al., 2016 demonstrated the 

risk of some administration routes to side-effects appears discussing IV route as the main 

responsible for the beginning of those symptoms [13].  

The association of other drugs might be beneficial as previously mentioned. As an 

example, Lenze et al., 2016 had proved the use of ketamine with Clonidine for a consecutive 

period of 96 hours and this resulted in a minimization of side-effects even Ketamine plasma 

concentrations were elevated [27].  

In relation to Electroconvulsive therapy, Salehi et al., 2015 recommended administrating 

Ketamine before the electroconvulsive procedure because seizure duration is prolonged when 

both are used at the same time [16]. 

The side-effects are also explained by the possible mechanisms of Ketamine: extra-synaptic 

inhibition of NMDA receptors, blockade of the activation of NMDA receptor, production of 

metabolites (hydroxynorketamine) and inhibition of NMDA receptors in lateral habenulla 

area [43]. To better understand how Ketamine performs, Sanacora et al., 2013 encourage to 

the research of biomarkers to identify changes during treatment with Ketamine in individuals 

with resistance to the traditional antidepressants, specifically in brains areas more affected 

by the symptomatology of the disease [12]. 

4.3 Study limitations and future perspectives 

For this systematic review, we identified several limitations. Most studies were conducted in 

small samples, the majority using intravenous administration and with a fixed dosage for 

Ketamine, additionally, heterogenous rating scores were used to classify depressive symptoms. 

Taken in account these limitations, further studies should address different routes of ketamine 

administration, different dosages, and frequencies of administration to analyze the most 

suitable treatment. Regarding sample size, studies including large samples should be 

developed. Finally, it would be beneficial to search for new targets on the glutamatergic 
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pathway, to explore the allosteric modifications of the BDNF TRKB receptor, and, finally, 

the sphingolipid system which may give hope for the development of new, rapid-acting 

antidepressants.  

5 Conclusions 

In this systematic review, ketamine has been shown to be effective when given to individuals 

with treatment resistant depression, particularly those who present a more aggressive 

phenotype (suicidal ideation). This drug represents a powerful tool to suppress depression due 

to the resynchronization of neural circuits upon its use. However, ketamine was also associated 

with several induced side-effects, including changes in blood pressure, dissociative symptoms, 

headache, nausea and vomits, which may limit its use. Different routes of administration and 

ketamine metabolites may be explored to overcome some of these induced side-effects. 

Furthermore, new research should focus on innovative therapeutic approaches, targeting 

mTORC1 signaling pathway, and the BDNF TRKB receptor allosteric manipulation.  
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